Background: While twin and adoption studies point to substantial genetic influence upon alcohol use, dependence, and other alcohol-related phenotypes, few of the genes underlying variation in these phenotypes have been identified. Markers in genes related to GABAergic activity-a system integral to many of alcohol's biological effects-have been implicated in alcohol use and alcohol-related psychopathology in linkage and association studies.
T WIN AND ADOPTION studies indicate that genetic factors are likely to substantially influence alcoholrelated behavioral phenotypes, including alcohol dependence (McGue, 1999) and quantitative measures of alcohol use (Heath and Martin, 1994) . However, few individual common genetic variants have been consistently shown to have replicable effect upon alcohol use and dependence. One reason genetic association studies might fail to account for a substantial proportion of the genetic variance suggested by biometrical analyses is if the variants underlying variation in alcohol-related phenotypes are of such small individual effect that markers tagging them do not meet thresholds for significance. Genes that belong to biological systems or pathways relevant to the effects of alcohol and have been repeatedly implicated in previous studies might be more likely to yield evidence for genetic effects reflecting the mechanisms underlying alcohol use-related behaviors.
Many of alcohol's effects-subjective, soporific, anxiolytic, and motor-skill impairing, among others-are mediated by activity involving c-aminobutyric acid (GABA), the neurotransmitter principally responsible for inhibitory neurotransmission in the central nervous system (Kumar et al., 2009 ). In particular, ethanol's action is largely effected, both directly and indirectly, upon type A GABA (GABA A ) receptors to mediate many of its behavioral consequences. The subunit composition of a GABA A receptor affects the nature and sensitivity of its response to ethanol exposure, and functional variation in GABA A receptor subunit genes can alter physiological and behavioral response to alcohol and other GABA-active drugs (Lobo and Harris, 2008) .
GABAergic activity is also involved in mediating the effects of chronic alcohol exposure and becomes altered with the development of alcohol tolerance and dependence, and during withdrawal. Administration of GABA agonists increases alcohol consumption, and administration of GABA antagonists decreases alcohol consumption (Boyle et al., 1993) ; but while acute alcohol exposure enhances GABA activity, GABA A receptors down-regulate with chronic exposure to ethanol, resulting in diminished efficacy of alcohol (Grobin et al., 1998) . Further, GABA agonists block the behavioral symptoms of alcohol withdrawal, while GABA antagonists exacerbate them (Koob, 2006) . Chronic alcohol exposure also affects the expression and brain region localization of separate GABA A receptor subunits each differently, as well altering the subunit composition of the completed receptor (Enoch, 2008) .
GABA A receptor subunit genes lie in clusters on chromosomes 4p (c1, a2, a4, b1), 5q (c2, a1, a6, b2), 15 (b3, a5, c3), and X (e, a3, h), as well as individually on chromosomes 1p (d), 3q (q3), 5q (p, outside of the cluster), and 6q (q1, q2) (Enoch, 2008) . Linkage and association studies have implicated variation in several GABA A subunit genes in a variety of behavioral phenotypes related to alcohol, including dependence diagnosis (Cui et al., 2012) and symptomatology (Lind et al., 2008a) , subjective intoxication and response (Lind et al., 2008b) and electroencephalographical measures (Edenberg et al., 2004 ) among others. Among GABA A receptor subunit genes, markers and haplotypes in the a2 subunit gene GABRA2 have been most frequently identified with variation in alcohol response and dependence (Cui et al., 2012) , and phenotypes related to other psychoactive substances (Agrawal et al., 2006) , as well as externalizing conduct (Dick et al., 2006) . However, there have also been studies that were unable to confirm effects of GABRA2 polymorphisms on alcohol dependence (Drgon et al., 2006; Matthews et al., 2007; Onori et al., 2010) .
Type B GABA receptors (GABA B ), which regulate presynaptic GABA release, among other functions (Bettler et al., 2004) , are also involved in the biological effects of alcohol. GABA B agonists reduce craving for alcohol (Addolorato et al., 2002) , and GABA B receptor expression is down-regulated in the hippocampus of alcoholics and alcohol-preferring rats (Enoch et al., 2012) . Relative to GABA A receptor subunit genes, the effects of variation in GABA B receptor genes GABBR1 and GABBR2 on alcohol use in humans have been infrequently appraised, although one study observing a nonsignificant trend for association with an allele in GABBR1 allowed the possibility that variation in GABA B genes may influence alcohol dependence (Sander et al., 1999) . Furthermore, a number of other genes involved in GABAergic transmission but not coding for GABA receptors have also been shown to be associated with alcohol-related outcomes. For example, single nucleotide polymorphisms (SNPs) in one of the gene isoforms for the glutamate decarboxylase enzyme (GAD1), which is involved in GABA synthesis, have been associated with initial sensitivity to alcohol and age of onset of alcohol dependence (Kuo et al., 2009) .
We used multiple methods to examine the influence of markers in GABA system genes on measures of alcohol use and alcohol abuse and dependence symptomatology. In addition to GABA A receptor subunit genes, markers in a number of which have been previously associated with alcohol-related phenotypes, we also considered markers in and near genes involved in the synthesis, release, transport, and metabolism of GABA, as well as other activity related to GABA or GABA receptors. First, because individual variants conveying risk for elevated alcohol use may be of such minute effect that markers in linkage with risk alleles may fail to exceed thresholds for significance in single-SNP analyses, we calculated a polygenic score reflecting variation in alcohol use phenotypes attributable to the combined set of linkage disequilibrium (LD)-pruned GABA system SNPs, at several significance thresholds. Next, we derived an estimate of the phenotypic variance explained by the GABA SNPs in this set, from a SNP-based estimate of genetic similarity between pairs of participants who are not close genetic relatives. Finally, we examined the effect of individual GABA system genes using a gene-based test.
MATERIALS AND METHODS

Sample
Participants were drawn from 2 studies at the Minnesota Center for Twin and Family Research (MCTFR; Iacono et al., 2006) : the Minnesota Twin Family Study (MTFS; Iacono et al., 1999) comprising twins and their families, and the Sibling Interaction and Behavior Study (SIBS) (McGue et al., 2007) , which includes adopted and biological sibling pairs and their families. Both studies are population based and longitudinal, with an initial assessment when twins and siblings are in adolescence, and follow-up assessments every 3 or 4 years thereafter. For this study, both offspring (twins and siblings) and their parents were included in analyses. Parent data were collected at their family's first visit to the MCTFR, while for nonparental participants, data were taken from assessments conducted between ages 16.5 and 21. Only white MCTFR participants were included in the sample, as determined by clustering in principal components calculated using EIGEN-STRAT (Miller et al., 2012) . In all, genotypic and phenotypic data were available for 7,224 participants (Table 1) , comprising 3,849 parent participants, 2,916 twins (1,901 monozygotic, 1,015 dizygotic), and 459 nonparental SIBS participants. Only participants who had ever tried alcohol in their life were included in subsequent analyses (N = 6,174, 85.5% of the total sample, see Table 1 ).
Genotyping
GABA system SNPs used in this study were drawn from genome-wide genotyping using the Illumina 660w Quad array (Illumina, Inc., San Diego, CA), which in the MCTFR sample yielded a total of 527,829 viable SNP markers after quality-control filtering. Quality-control procedures for SNP markers and DNA samples have been previously described in detail (Miller et al., 2012) . Briefly, the most common reasons for excluding markers were minor allele frequency <1%, more than 2 cross-family Mendelian inconsistencies, a call rate below 99%, and a significant deviation from Hardy-Weinberg equilibrium. For SNPs that remained in the analyses after quality-control filtering, missing genotypes were replaced with the mean genotypic value for each SNP. The most common reason for excluding DNA samples from analyses was genotype call failure for more than 5,000 SNPs.
GABA system genes were selected based on their inclusion in any of 3 sources: a panel constructed to include candidate genes for addiction-related phenotypes (Hodgkinson et al., 2008) , an expertcurated list of addiction-pertinent genes (Saccone et al., 2009) , and a database devoted to organizing genes by biological system pathways (Kanehisa, 1996) . Genes were selected if any of these sources listed them as being involved in GABA-related activity; in this way, 36 genes were selected. We examined markers within 5 kb upstream (5′ direction) and 1 kb downstream (3′ direction) of each gene, using NCBI build 36.1 annotation (National Center for Biotechnology Information, Bethesda MD). For 2 small genes, GABRD (chr. 1) and GABARAP (chr. 17), no markers within this region were available, so these genes were excluded from subsequent analyses. Because GABA A subunit genes in the chr. 15q cluster, GABRA5, GABRB3, and GABRG3 lie on an imprinted chromosomal region, in which only paternally transmitted copies of the genes are expressed (Meguro et al., 1997) , markers on these genes would be inappropriate to assess using methods that do not account for the identity of the parent from whom each allele was transmitted, and were therefore excluded from analyses. All available SNPs on the Illumina 660w Quad array within the designated boundaries of each GABA-related gene that passed preliminary quality-control procedures were included in subsequent analyses. In all, 737 SNP markers in or near 31 genes (including 17 GABA receptor subunit genes) were retained (Table 2) .
Phenotypic Measures
We examined 2 measures related to alcohol use and related psychopathology. First, we computed an index of drinking behaviors by taking the sum of 4 items drawn from a customized form of the Substance Abuse Module, an expansion to the World Health Organization's Composite International Diagnostic Interview (Robins et al., 1987) . These were (i) frequency of alcohol use over the prior 12 months, (ii) average number of drinks consumed per alcohol use occasion over the prior 12 months, (iii) maximum number of alcoholic drinks ever consumed in a 24-hour period, and (iv) lifetime number of times ever having been intoxicated (the original text of all items is reproduced in the Supporting information). The 4 items were each scaled to an approximately common metric before being summed (scaling for each item is described in the Supporting information). Cronbach's alpha was 0.86 for the drinking index. Our second measure was a lifetime count of DSM-IIIR alcohol abuse and dependence symptoms, ascertained in the course of a structured clinical diagnostic interview (MCTFR clinical assessments are described in more detail in Iacono et al., 1999) . DSM-IIIR described the most current criteria at the time that assessments were conducted. Both the drinking behavior index and the alcohol abuse and dependence symptom count were log-transformed for analysis. Parents were not present when adolescents were questioned about their alcohol use and abuse behaviors.
STATISTICAL ANALYSES
Single-SNP Analyses
Analyses of individual SNPs were performed using a method incorporating a rapid feasible generalized least squares model (Li et al., 2011) , which accounts for correlations among family members attributable to both genetic relatedness and shared environmental effects. SNPs were modeled under assumption of additive effect, entered as number of minor alleles (0, 1, 2). For markers on chromosome X, genotypes for male participants who possessed 1 minor allele were set to 2 minor alleles for analysis. To account for genetic ancestry, the first 10 principal components from an EIGENSTRAT analysis were included as covariates (Price et al., 2006) . Other covariates included in single-SNP analyses were sex, age, birth year, generation (an indicator of whether an individual was a parent or child), a generation-by-age interaction, a generation-by-sex interac- DSM-IIIR alcohol dependence was assessed with a maximum of 9 symptoms, and DSM-IIIR alcohol abuse was assessed with a maximum of 2 symptoms, allowing for a combined maximum of 11 symptoms.
tion, and a generation-by-birth-year interaction. We calculated the effective number of independent tests, accounting for LD patterns between the included markers in our sample, using the SimpleM method (Gao et al., 2008) , which yielded an LD-inferred total of 485 effective independent tests and therefore a Bonferroni-corrected significance threshold of 0.05/485 = 0.0001.
GABA System Polygenic Scoring
Genetic liability to alcohol dependence is likely to be substantially attributable to many variants, each contributing in only a small amount to the overall genetic risk. When many markers are examined separately for association with a complex trait, genuine genetic effects reflected by individual markers may be too small to overcome significance thresholds that account for multiple testing. However, the aggregated effects of multiple individually insignificant SNP markers combined into a single polygenic score may be associated with phenotypic variation (International Schizophrenia Consortium et al., 2009 ). For example, a similar approach has been used to calculate a score from multiple SNPs in dopamine system genes, which accounted for a small but significant percentage of variance in cocaine dependence symptomatology (Derringer et al., 2012) .
When calculating a polygenic score from markers in GABA system genes, each SNP was permitted to contribute to the score only if its individual effect was such that the p-value associated with the marker was below a particular cutoff. Scores were calculated at 10 incrementally increasing p-value cutoffs ranging from p < 0.1 to p ≤ 1.0 (i.e., at the final threshold, all SNPs were permitted to contribute to the polygenic score). At each p-value cutoff threshold, allowing more markers of smaller individual effect to contribute to the score potentially resulted in an increase in the number of markers reflecting minute but genuine genotypic influences, but also permitted the inclusion of more markers that had p-values below the cutoff merely due to chance.
We calculated polygenic scores for each individual by summing the product of the genotypes (the number of minor alleles) and the regression coefficients from single-SNP analyses for all SNPs that were to be included in the score. However, because markers within the same gene, or in proximal genes, may be in LD with each other, to ensure that markers contributing to the polygenic score reflected unique association signals, it was necessary to prune the results of single-SNP analyses based on LD structure before calculating the GABA system polygenic score. We identified SNP pairs that were in substantial LD with each other, r 2 > 0.5, when only the founders of each family were considered (1,852 males, 2,130 females; 3,866 founders were parents, 116 founders were nonparent participants from families in which parental genotype data were not available). At each p-value threshold, for every pair of SNPs with LD r 2 > 0.5, in which both SNPs in the pair were below the current p-value threshold, the effect of the SNP with the higher p-value was set to 0, so that the SNP did not contribute to the polygenic score. As a result, all SNPs that remained in the polygenic score after pruning were in low mutual LD (r 2 < 0.5). We used 10-fold cross-validation to account for overfitting. That is, for each of 10 iterations, polygenic scores were first derived from LD-pruned estimates of single-SNP effects in a training subsample comprising 90% of the overall sample. Training sample estimates were then used to predict the phenotypes of individuals in a separate testing subsample comprising the remaining 10% of the overall sample. Then, at each p-value threshold, polygenic score-based predictions were compared with the actual observed phenotypic values of individuals in the testing subsample using the coefficient of determination, averaged across all 10 iterations of the cross-validation procedure.
SNP-Based Genetic Relationship Variance Estimates
We also employed an estimate of phenotypic variance in alcohol-related phenotypes attributable to a given set of SNPs (GCTA; Yang et al., 2011) . For both the set of GABA system SNPs (737 markers) and the entire set of available genome-wide SNP markers (527,829 markers), separately, an SNP-based measure of genetic relatedness between each pair of individuals included in the analysis was computed. For each analysis, the matrix of the genetic relatedness estimates for all pairs of individuals was then included as random effects in a linear mixed model (along with the covariates as fixed effects), using restricted maximum likelihood estimation, to estimate the proportion of phenotypic variance attributable to the SNPs used to compute interindividual genetic relatedness. To derive an estimate of variance attributable solely to the SNPs included in the analysis, unburdened by the shared environment or other sources of phenotypic variance, and unbiased by cryptic relatedness between individuals, one member of each pair with full-genome SNP-based genetic relatedness estimated at >0.025 was removed from subsequent analyses. For both the set of GABA system SNPs and the full-genome-wide set of SNPs, analyses were conducted separately for autosomal markers and markers on the X chromosome. This approach, based on a calculation of genetic relatedness from the simultaneous consideration of all of the SNPs in a particular set, does not provide information regarding the effects of individual SNP effects, but also does not suffer from the inaccuracy of prediction that affects polygenic scores due to error on the estimates of the effects of the individual SNPs that contribute to the score .
Gene-Based Testing
Finally, we assessed the effect of individual GABA system genes using a gene-based test (VEGAS; Liu et al., 2010) , which combines the test statistics from single-SNP analyses of all markers within a particular gene and then compares the resulting gene-based test statistic to a large number of simulated chi-square distributed gene-based test statistics, which are produced taking into account HapMap (CEU) LD structure and gene length, and which approximate the observed gene-based test statistic under the null hypothesis. The p-value resulting from this gene-based test is thus the proportion of simulated test statistics that exceed the observed test statistic. This form of analysis can reveal whether there are disproportionately many markers with low p-values in a given gene. We also performed a variation on the gene-based test (the "Top-SNP" method), which compares the top-ranked marker in each gene to the simulated maximum element (itself the test statistic of a chi-squared 1 df variable) of the gene-based test statistic.
RESULTS
The p-value-ranked top 10 results from the analyses of the 737 single-SNP marker associations with both alcohol use phenotypes are displayed in Table 3 . No single marker for either phenotype reached the LD-adjusted significance threshold of 0.0001, which corrects for the multiple testing. For both phenotypes, Manhattan plots and QQ plots for the results of single-SNP association analyses are shown on Figs S1-S4.
Ignoring relatedness and assuming complete independence between participants, among the full sample of ever-drinking participants, there was >80% power to detect additive perallele individual SNP effects as small as a 0.09 difference in alcohol abuse and dependence symptom count, or a 0.13 difference in the drinking index, corresponding to a difference in R 2 = 0.004 for either phenotype. Assuming full dependence between first-degree relatives, and therefore basing calculations only on founders who had ever had a drink, there was >80% power to detect individual SNP effects of 0.11 alcohol abuse and dependence symptoms per allele and a 0.16 difference in the drinking index per allele, corresponding to a difference in R 2 = 0.006. The mean cross-validated squared correlations between polygenic score-predicted phenotypic values and observed phenotypic values at each of 10 p-value thresholds are shown in Table 4 . The mean was computed as a weighted average of the 10 squared correlations with weight given as the sign of the unsquared correlation. A few of the resulting means were slightly negative but truncated to 0 because a squared correlation cannot be negative. The cross-validated squared correlation was uniformly small (in no case even approaching 1%) and not significant at any threshold for either phenotype. Ignoring relatedness and assuming independence between participants, we had 68% power to detect the largest observed R 2 of approximately 0.001 (for alcohol abuse and dependence symptoms at the p < 0.1 level, nonsignificant). Among ever-drinking founders only, we had 49% power to detect an R 2 = 0.001, for either phenotype. To obtain >80% power to detect a polygenic effect of R 2 = 0.001 or smaller would require a sample size of at least N = 8,173 independent (nonrelated) participants.
Estimates of explained phenotypic variance (h 2 SNP ) attributable to GABA system SNPs and all available SNPs, separately for autosomal and chromosome X markers, are shown in Table 5 . Only the variance in the drinking index attributable to the full set of all available autosomal SNPs was significant, using a likelihood ratio test of the null hypothesis that for each group of SNPs, h 2 SNP = 0. Neither autosomal nor chromosome X GABA system SNPs accounted for a significant proportion of the variance in either alcohol-related phenotype.
The p-value-ranked top 10 results of gene-based tests for both phenotypes are displayed in Table 6 , and the top 10 results from the "Top-SNP" variation on the gene-based test are shown in Table 7 . For neither phenotype did any gene or top-ranked SNP per gene meet the Bonferroni-corrected significance threshold of 0.0016 for 31 independent tests.
Because parents were older than nonparent participants, were more likely to have ever had a drink, had higher levels on most measures of quantity and frequency of alcohol use, and had higher rates of endorsement of alcohol dependence and abuse symptoms, in addition to the analyses conducted on the full sample of ever-drinking participants as described above, we also conducted all analyses separately for everdrinking parents and nonparents. The results of these analyses are described in Tables S1A through S5B. Separate parent and nonparent results are consistent with results from the full sample, in that for neither subgroup did polymor- phisms in GABA systems have any significant effect using any analytical method.
DISCUSSION
GABA A receptors are involved in mediating both the acute and chronic effects of alcohol (Kumar et al., 2009) , and markers in GABA system genes have been associated in a number of studies with alcohol dependence and other alcohol-related phenotypes (Cui et al., 2012) . We used multiple methods to interrogate the potential relationship between alcohol use and abuse phenotypes and variation in GABA system markers, either taken individually or aggregated using different methods, but no association was evident in any of them.
In analyses of individual SNPs, none approached the thresholds for significance determined by an appropriately stringent correction for multiple testing for either the drinking index or the count of alcohol abuse and dependence symptoms.
A polygenic score, which selectively retained and aggregated the GABA system markers of highest potential effect, was likewise unable to account for variation in either alcohol use phenotype. As any true effects associated with the markers contributing to the polygenic score would be very small, it is possible that error on each of the individual estimates of single-SNP effects resulted in the score failing to account for phenotypic variance .
Similarly, estimates based on pairwise relationships between individuals, derived from all of the GABA system markers in the autosome and on the X chromosome, did not explain any of the variance in alcohol use or symptomatology. The proportion of variance in the 2 alcohol use variables explained by all available autosomal SNPs (but not all available chromosome X SNPs) is appreciable, approximating or exceeding 10%, although less than most similar pedigreebased estimates (Grant et al., 2009; Slutske et al., 1999) and statistically significant only for the drinking index. This is likely because pairwise genetic correlations computed using this method only reflect the common variants that are tagged by the available genotyped SNPs (Yang et al., 2011) .
In line with results from other analysis methods, genebased tests did not indicate that SNPs with low p-values were significantly overrepresented in any GABA system gene, nor that the "Top-SNP" in any gene was likely to represent a genuine genetic effect.
Many previous studies indicating a role for GABA system genetic variation in alcohol dependence were conducted using as cases individuals drawn from treatment programs for alcohol dependence or other clinical settings (e.g., Lappalainen et al., 2005) . Some, such as those involving the samples from the Collaborative Studies on Genetics of Alcoholism (Rice et al., 2003) , included participants belonging to families of probands with multiple alcohol-dependent first-degree relatives (Agrawal et al., 2006; Edenberg et al., 2004) . Alcohol-dependent cases with severe phenotypes and family history of alcohol dependence may have an elevated genetic loading for the disorder, making the detection of genetic effects more likely. In one clinically derived sample, associations between markers in GABRA2 and alcohol dependence increased when analyses were restricted to include as cases only individuals with indicators of severe or persistent alcohol dependence, or a family history of alcohol dependence (Fehr et al., 2006) . Other studies suggest that GABRA2-related alcohol dependence vulnerability is limited to individuals with comorbid dependence on illicit drugs (Agrawal et al., 2006) or that GABRA2 markers are related to polysubstance abuse, but not alcohol dependence alone (Drgon et al., 2006) . In contrast, the MTFS and SIBS samples used in the present study are community-based, reflecting psychopathology at rates and levels representative of the general population. As such, measures of the quantity and frequency of alcohol use, as well as the endorsement of alcohol-related symptomatology, are low relative to clinically derived samples or samples selected for a family history of alcohol-related psychopathology. Further, many participants were still in adolescence at the time of assessment (minimum age 16.5) and were therefore less likely to have ever tried alcohol and less likely to exhibit heavy alcohol use or alcohol-related symptomatology than adult participants. However, there have been instances of GABRA2 SNPs being associated with alcohol dependence in samples drawn from the general population (e.g., Covault et al., 2004) . The GABA system gene by far most frequently implicated in alcohol-related behaviors and other substance-related and externalizing behaviors is the GABA A receptor a2 subunit gene GABRA2. The SNP rs279858, although lying in exon 5 of the gene, is a synonymous substitution (Covault et al., 2004) . It has been associated, either individually or as a member of multi-SNP haplotypes, with alcohol dependence and other alcohol-related phenotypes, such as alcohol sensitivity, more often than any other marker in GABRA2 (Cui et al., 2012) . Although the genome-wide array upon which markers were genotyped for our study did not include rs279858, it did include markers in the same region of the gene (rs1808851, rs279856), which were in perfect LD with rs279858 in a HapMap reference panel of European descent (CEU) (Johnson et al., 2008) -but neither of which were associated at even a nominal level with either the drinking index or alcohol abuse and dependence symptom count. Synonymous SNPs can affect protein functioning and expression via a number of different mechanisms (Hunt et al., 2009) , so genotyping the exact SNP associated with alcohol-related phenotypes in previous studies may be critical.
In previous studies, GABA system markers have been associated with a variety of phenotypes in a number of different contexts, many of which were not assessed in this study. For example, there is evidence that the influence of polymorphisms in the GABA system may vary with age or across developmental stages (Dick et al., 2006 (Dick et al., , 2009 and be moderated by environmental factors (Dick et al., 2009; Enoch et al., 2010) . Interaction may also occur within and between GABA system genes, particularly among proximal or clustered genes (Uusi-Oukari et al., 2000) . Markers in GABA system genes have also been associated with less complex biological markers such as beta-frequency EEG (Edenberg et al., 2004) and event-related potentials (Winterer et al., 2000) that meet the criteria to be considered endophenotypes more directly reflecting underlying genetic liability than their complex behavioral correlates (Begleiter and Porjesz, 2006) .
To conclude, using data from a large, community-based sample, we sought to determine whether polymorphisms in GABA system genes, including both GABA A receptor subunit genes and other genes involved in GABAergic structure or function, were related to variation in an index of quantity and frequency of alcohol use, or a measure of alcohol abuse and dependence symptomatology. Using multiple methods, we assessed the effect of GABA system gene markers individually, in aggregate, as they determined the magnitude of an estimate of variance derived from SNP-based pairwise genetic relationships between participants and in a genebased test. In no case were GABA system SNPs consistently related to alcohol use nor the symptomatology of alcoholrelated psychopathology. Given this study's limitations, continued research is necessary to determine the circumstances in which GABA system variants might influence alcoholrelated phenotype.
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